Background
==========

Myelodysplastic syndromes (MDS) are clonal disorders of stem cells, characterized by heterogeneous clinical presentation. Hematopoiesis in myelodysplastic syndrome is ineffective, characterized by abnormal differentiation, maturation, and survival of hematopoietic cells \[[@b1-medscimonit-20-1634]--[@b4-medscimonit-20-1634]\]. Characteristic features of myelodysplastic syndrome include dysplasia of cell lines (which is manifested by disorders of maturation) and differentiation visible in bone marrow images and peripheral blood smears, as well as dysplasia causing the non-uniform appearance of cells being on the same level of development and their architectural abnormalities \[[@b5-medscimonit-20-1634],[@b6-medscimonit-20-1634]\]. The risk of transformation into acute myeloid leukemia is an important aspect of the course of MDS \[[@b7-medscimonit-20-1634],[@b8-medscimonit-20-1634]\].

Chromosomal aberrations are detected in 40--70% of patients with primary MDS and 80--95% of patients with secondary MDS. Unbalanced chromosomal aberrations, which are not pathognomonic for MDS and occur also in acute myeloid leukemias, prevail \[[@b5-medscimonit-20-1634]\].

Studies have proved the role of angiogenesis in the development of solid tumors, hematological malignancies, and myelodysplastic syndromes. A much higher capillary density was detected in bone marrow trephine biopsies of patients with diagnosed myelodysplastic syndromes than in biopsy specimens of patients not affected by these disease entities \[[@b9-medscimonit-20-1634]--[@b11-medscimonit-20-1634]\].

Factors contributing to the occurrence of myelodysplastic syndrome are numerous chemical substances like benzene, toluene, herbicides, pesticides, tobacco smoke, hair dyes, silica fume, and heavy metal compounds \[[@b12-medscimonit-20-1634],[@b13-medscimonit-20-1634]\]. Cytostatic drugs such as alkylating, topoisomerase II inhibitors, purine analogues, and hydroxycarbamides, as well as physical factors in the form of ionizing radiation, may also cause the disease \[[@b12-medscimonit-20-1634],[@b13-medscimonit-20-1634]\]. The studies confirmed cases of disease occurrence among family members \[[@b14-medscimonit-20-1634],[@b15-medscimonit-20-1634]\].

The MDS classification system proposed in 2008 by the WHO (World Health Organization) takes into account the median survival of patients and the incidence of transformation to acute myeloid leukemia. This classification distinguished 4 entities: refractory cytopenias with a single dysplasia (RA -- refractory anemia, RN -- refractory neutropenia, RT -- refractory thrombocytopenia), refractory anemia with ringed sideroblasts present (RARS), refractory cytopenia with multilineage dysplasia (RCMD), and refractory anemia with excess blasts (RAEB1 and RAEB2), where the criterion for the diagnosis is the presence of 10% or more blast cells in the bone marrow \[[@b7-medscimonit-20-1634]\].

Magnetic resonance imaging (MRI) uses signal changes in sequences dependent on time constants for particular tissue structures to generate images, thus making it possible to assess soft tissues \[[@b16-medscimonit-20-1634]\], fluid structures, and adipose tissue remodeling. Because this method also allows us to locate and analyze infiltrative and nodular lesions in the spinal canal area \[[@b17-medscimonit-20-1634]--[@b21-medscimonit-20-1634]\], it is useful in hematology and oncology. The ability of MRI to assess bone marrow and determine its remodeling in proliferative diseases caused it to become the only imaging method for diagnosing hematological diseases.

MRI of bone marrow is based on detecting the difference between signal intensities of adipose tissue and water, which are components of yellow and red marrow \[[@b22-medscimonit-20-1634],[@b23-medscimonit-20-1634]\]. Hematopoietic elements constitute 60% of the cellular composition of red bone marrow, while adipocytes account for as much as 95% of all yellow bone marrow cells \[[@b24-medscimonit-20-1634]\]. Water constitutes approximately 15% of yellow marrow and 40% of red marrow content, while adipose tissue accounts for approximately 80% of yellow bone marrow and 40% of red bone marrow content. This structure is best visualized in spin echo sequences and selective fat saturation sequences \[[@b24-medscimonit-20-1634],[@b25-medscimonit-20-1634]\]. In T1-weighted spin echo sequences, which are most often used in bone marrow imaging, adipose tissue of yellow bone marrow has signal intensity similar to that of subcutaneous adipose tissue, while red bone marrow (containing more water) is hypointense in comparison with yellow bone marrow. Imaging also makes use of the relation of the hyperintensity of red marrow signals to these of muscle tissue \[[@b23-medscimonit-20-1634],[@b24-medscimonit-20-1634],[@b26-medscimonit-20-1634]\]. [Figure 1](#f1-medscimonit-20-1634){ref-type="fig"} illustrates the images described. In T2-weighted sequences, tissues containing more water show higher signal intensity than the less hydrated ones \[[@b25-medscimonit-20-1634]\]. In the T2-wieghted sequence, just like in the T1-weighted one, the intensity of yellow bone marrow image resembles that of subcutaneous adipose tissue and the signal intensity of red bone marrow is higher than in the T1-weighted sequence and similar to the intensity of yellow bone marrow \[[@b23-medscimonit-20-1634]\]. The changes are illustrated in [Figure 2](#f2-medscimonit-20-1634){ref-type="fig"}. The T2-weighted sequence is less useful in assessing bone marrow pathologies because differences between relaxation times of yellow and red bone marrow are smaller, differences between signal intensities are less significant, and ability to diagnose infiltrative lesions is worse \[[@b25-medscimonit-20-1634]\]. Remodeling and infiltration of bone marrow visible in MRI are detectable earlier than lesions visualized in conventional radiographs.

The aim of the present study was to assess the relationship between MRI of the lumbar spine and clinical signs of disease in patients diagnosed with myelodysplastic syndrome, prognostic variables, and certain risk categories for survival and AML transformation in the scale of stratification based on IPSS.

Material and Methods
====================

The examinations were conducted in the Hematology Ward and the Internal Medicine Ward of the Specialist Hospital No. 1 in Bytom in the years 2006--2011. The study group included 53 patients with diagnosed myelodysplastic syndrome in different stages of the disease. The study consisted of patients aged 50--77 years, including 22 women (41.5%) and 31 men (58.5%). Patients were divided into subgroups according to the diagnosed type of myelodysplastic syndrome. There were no significant differences between the groups in terms of sex or age.

Based on the medical records of patients, the disease was classified in accordance with the WHO standards. The prognosis with regard to survival time and the possibility of transformation into AML were assessed using the prognostic classifications of the IPSS (International Prognostic Scoring System). The analysis was based on the results of bone marrow aspiration, peripheral blood count with the evaluation of leukogram (or peripheral blood smear), LDH (lactate dehydrogenase) values, and dependence on blood product transfusions.

The results of MRI of the spine were obtained from the medical documentation of patients. These examinations were performed during hospitalization or on an outpatient basis. In 27 patients (50.9%) examinations were performed during a stay at the Department of Hematology, Department of Internal and Specialist Hospital No. 1 in Bytom. Indication for MRI in 9 patients (33.3%) was suspicious for of neoplastic infiltration within the lumbar spine, while in 18 patients (66.7%) there was suspicion of pathological fracture in this region. All patients presented pain and associated neurological symptoms. In the outpatient group, which included 26 patients (49.1%), 18 patients (69.2%) underwent MRI at the request of a neurologist, 6 (23.1%) at the request of an orthopedist, and 2 (7.7%) at the request of a GP.

MRI scans of the lumbar spine were performed in the "Voxel" Magnetic Resonance Laboratory in the Specialist Hospital No. 1 in Bytom with a 1.5 T GE SIGNA LX HS and SIGNA EXCITE scanners using a dedicated quadrature coil. Fast spin echo (FSE), fast recovery fast spin echo (frFSE), and fast recovery fast spin echo with fat saturation (frFSE+fs) sequences were used to obtain T1- and T2-weighted images in sagittal, transverse, and frontal planes. T1- and T2-weighted images in sagittal, transverse, and frontal planes were analyzed for all patients (100%). Signal intensity and homogeneity in the studied sequences were assessed. Regions of interest (ROIs) comprising vertebral bodies with the exclusion of endplates were specified to calculate relative signal intensity.

The obtained results were collected in an Excel spreadsheet and then exported to STATISTICA, where statistical calculations were made. Mean values and standard deviation of age were calculated for patients in the subgroups studied. Because the distribution did not comply with the normal character, a non-parametric Mann-Whitney U test was used to make comparisons between the subgroups. The frequency of signals in MRI examinations was calculated depending on the factors studied. The obtained frequencies were compared using a chi-square test. P\<0.05 was assumed to be statistically significant.

The study was designed as a retrospective analysis.

All subjects provided written informed consent for the MRI examination.

Results
=======

The study included 53 patients aged 50--77 years (mean age 65.4±6.9) including 22 (41.5%) women and 31 (58.5%) men.

In the study group, patients with diagnosed RAEB (I, II) constituted the largest group of 17 individuals (32.1%), followed by 16 patients (30.2%) with diagnosed RCMD, 11 individuals (20.7%) with refractory thrombocytopenia, and 9 patients (17.0%) with RA subtype.

In the MRI scan of the lumbar spine using T1-weighted sequence, the reduction of the signal intensity was observed in 22 patients (41.5%). The increase in signal intensity occurred in 23 patients (43.4%) and non-uniform signal intensity was observed in 8 patients (15.1%).

In T2-weighted sequence, increased signal intensity was observed in 23 patients (43.4%), reduced signal intensity was observed in 21 patients (39.6%), and non-uniform signal intensity in was observed in 9 patients (17.0%).

Images in T1- and T2-weighted sequences were analyzed together. In doubtful cases, when decreased signal intensity was obtained in one sequence but the other showed heterogeneous signal intensity, all images acquired during MRI examinations of the patient were analyzed 1 more time to get the final classification.

Increased signal intensity was seen in 11 patients (20.7%) with a diagnosed RT and 9 patients (17.0%) with a diagnosed RA, and 100% of lumbar spine images in T1- and T2-weighted sequences assessed together ([Figures 3](#f3-medscimonit-20-1634){ref-type="fig"} and [4](#f4-medscimonit-20-1634){ref-type="fig"}). Among 16 patients (30.2%) diagnosed with RCMD, decreased signal intensity was observed in 7 (43.8%), increased signal intensity in 3 (18.7%), and heterogeneous signal integrity in 6 (37.5%). In the group with RAEB -- 7 patients (32.1%), MR images showed decreased signal intensity in 13 subjects (76.5%) and 4 (23.5%) -- had heterogeneous signal intensity in the sequences analyzed together ([Figures 5](#f5-medscimonit-20-1634){ref-type="fig"} and [6](#f6-medscimonit-20-1634){ref-type="fig"}).

All patients included in the study were classified with regard to risk category, survival time, and the rate of transformation into acute myeloid leukemia on the basis of the IPSS score. The correlation with the bone marrow signal intensity in lumbar spine MRI analyzed in T1- and T2-weighted sequences together was studied for scale.

According to the IPSS score, 36 patients (67.9%) had scores in the so-called low-risk prognostic group category, 7 patients (13.2%) were at intermediate −1 risk, 8 patients (15.1%) were at intermediate −2 risk, and 2 patients (3.8%) were at high risk.

In low-risk patients, MRI scans most often showed increased signal intensity. The same result was observed in 63.9% (23 patients) in the combined analysis of T1- and T2-weighted sequences. Decreased signal intensity was observed in 7 patients (19.4%) and heterogeneous signal intensity was observed in 6 patients (16.7%). In the group of patients with intermediate −1 risk, heterogeneous signal intensity in the combined analysis of both sequences was observed most often, reported in 4 patients (57.1%); and 42.9% (3 patients) were characterized by decreased signal intensity. Patients with intermediate −2 risk showed decreased signal intensity in MRI scans in 100% of examinations (8 patients). Decreased signal intensity was found in 100% (2 patients) of high-risk patients.

For 42 patients whose LDH values were obtained from the medical records, a correlation with MRI signal was analyzed. LDH values determined the division of these patients into 2 groups: 2 patients (4.8%) were in the normal LDH level group and 40 patients (95.2%) were in the increased LDH level group. All patients from the first group showed increased signal intensity in lumbar spine MRI scanning. In the group of patients with increased LDH, 22 (55%) showed decreased signal intensity in the combined analysis of T1- and T2-weighted sequences, 11 patients (27.5%) presented heterogeneous signal intensity, and 7 individuals (17.5%) had increased signal intensity.

Dependence on blood product transfusions was analyzed in all patients: 33 patients (62.3%) had frequent transfusions and 20 patients (37.7%) did not require transfusion. Among transfusion-dependent patients, 20 scans (60.6%) showed decreased signal intensity, 11 scans (33.3%) revealed heterogeneous signal intensity, and 2 patients (6.1%) had increased signal intensity. In the group of patients without transfusions, 11 (55%) showed increased signal intensity, 7 scans (35%) showed decreased signal intensity, and 2 patients (10%) had heterogeneous signal intensity.

Discussion
==========

The differences in clinical presentation and the course of the disease in subtypes of myelodysplastic syndrome resulted in prognostic scales, which define survival time and the possibility of transformation into acute myeloid leukemia. Risk category is important when choosing a therapeutic option and in the follow-up of the patient \[[@b27-medscimonit-20-1634],[@b28-medscimonit-20-1634]\].

Prognostic factors can be divided into 4 groups. The first group comprises changes to tumor masses (related to leukemic infiltration), including subtype of MDS, the abnormal location of immature precursors, and *in vitro* culture growth pattern. The second group of changes is characterized as involvement and damage with regard to maturation and differentiation of cell lines, analyzing cytopenias, dysplasias, and fraction of CD34+ cells. Genetic abnormalities are considered as a separate group of factors. The last group includes clinical and pathological features of the disease: primary or secondary MDS, features of myelofibrosis, or simultaneous occurrence of myeloid sarcoma \[[@b29-medscimonit-20-1634],[@b30-medscimonit-20-1634]\].

The IPSS is most popular prognostic scale, and divides patients into 2 therapeutic groups: low risk (comprising IPSS low and intermediate −1 risk patients) and high risk (IPSS intermediate −2 and high-risk patients). This scale shows a weak correlation with survival time and transformation into acute myeloid leukemia in patients with secondary myelodysplastic syndrome, constituting a substantial proportion of patients \[[@b31-medscimonit-20-1634]\].

An additional observation of LDH value (correct or increased) depending on the risk category makes it possible to state that survival time of low-risk patients with increased LDH value was not longer than that of intermediate risk patients with the correct value of lactate dehydrogenase \[[@b32-medscimonit-20-1634],[@b33-medscimonit-20-1634]\].

MRI is a valuable source of information about bone marrow changes, especially in regions inaccessible to biopsy, and thus complements diagnostics and enables monitoring of patients diagnosed with myelodysplastic syndrome or AML \[[@b34-medscimonit-20-1634]\]. MRI in myelodysplastic syndromes is difficult to analyze, particularly that it may resemble other hematological diseases \[[@b35-medscimonit-20-1634]\].

The literature shows that the best places for bone marrow imaging in adults are vertebral bodies and some long bones, because large quantities of red bone marrow stay there throughout the lifespan \[[@b21-medscimonit-20-1634],[@b23-medscimonit-20-1634],[@b26-medscimonit-20-1634],[@b36-medscimonit-20-1634]\].

Increased demand for hematopoietic processes leading to reverse transformation of yellow marrow into red marrow is an important aspect of change in the course of some hematological diseases, including chronic anemia, advanced and chronic concomitant diseases, and diseases connected with bone marrow displacement or infiltration \[[@b24-medscimonit-20-1634],[@b34-medscimonit-20-1634],[@b37-medscimonit-20-1634]\].

In patients with refractory anemia, who require frequent blood transfusions, the excess iron accumulates in the reticuloendothelial system of the spleen, liver, and bone marrow. In MRI it is reflected in decreased signal intensity of red bone marrow in all imaging sequences. The changes in signal intensity mostly relate to the axial skeleton \[[@b22-medscimonit-20-1634],[@b38-medscimonit-20-1634],[@b39-medscimonit-20-1634]\].

Leukemic infiltrations in MRI are mostly diffuse and located in the axial skeleton, because they involve red bone marrow. In T1-weighted sequences, images with leukemic infiltrations show decreased signal intensity, but in T2-weighted sequence the image may vary, and increased signal intensity occurs as well \[[@b40-medscimonit-20-1634],[@b41-medscimonit-20-1634]\].

Based on MRI in T1-weighted sequence, it is possible to conclude that the response to chemotherapy is good as it is visible in bone marrow images that becomes correct again (i.e., characterized by increased signal intensity) \[[@b42-medscimonit-20-1634]\]. This relationship allows for the conclusion that MRI can be a complementary technique in assessing remission of the disease \[[@b43-medscimonit-20-1634]\].

Data in the literature allows us to state that MRI has great potential importance in diagnosing and monitoring patients with myelodysplastic syndromes. Its application as a prognostic factor should be considered.

Conclusions
===========

1.  Because the risk category of MDS increases towards high risk, decreased signal intensity is observed in lumbar spine MRI in T1- and T2-weighted images in the studied stratification scales.

2.  There is a positive correlation between decreased signal intensity in lumbar spine MRI examinations and increased LDH level in blood serum, as well as dependence on blood product transfusions (especially packed red blood cells).

3.  The results indicate possibilities for MR imaging as an additional diagnostic tool in the assessment of dynamics of myelodysplastic syndromes and in evaluating further prognosis regarding survival time and transformation into AML.

**Source of support:** Departmental sources
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